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ANDRA 2005
- Creation of an Excavated Damaged Zone (EDZ)
- Thermal pressurisation
- Effects of cracks on permeability – self sealing
-Cracks thermal reactivation
-Change in THM properties
EDZ
Armand et al. RMRE (2014)
Andra 2005
Callovo Oxfordian claystone 
 Stable geological context (155 My)
 Porosity: 14-19%
 Clay fraction 48-50% at 490m 
 Very low permeability: 10-20 – 10-22 m2
 Small deformability
 Good ability to retain radionuclides
photo ANDRA
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Water retention properties, COx
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Hydration - swelling
Menaceur PhD thesis (2014)
Thermal pressurization in the near field
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Mohajerani et al. IJJRMMS (2012)
Thermal pressurization, COx claystone
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Mohajerani et al. IJJRMMS (2012)
Saturated and drained testing of shales
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• Emphasis put on:
• Controlled saturation procedure under in-situ 
stress conditions to avoid swelling/damage
• Good drainage conditions with homogeneous
pore pressure field
• Thanks to short drainage length
TIMODAZ hollow cylinder apparatus
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Monfared et al. IJRMMS (2011)
Half the hollow cylinder thickness thanks to lateral drainage: 10 mm
TIMODAZ hollow cylinder apparatus
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PVCs
Monfared et al. IJRMMS (2011)
TIMODAZ hollow cylinder apparatus
12
Excess pore pressure,
Isotropic compression at 0.5 kPa/mn
∆σ = 500 kPa
Monfared et al. IJRMMS (2011)
Thermal hardening of Opalinus clay
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Monfared et al.  RMRE (2014)
Thermal fault reactivation, COx claystone
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Menaceur PhD thesis (2014)
saturated under ~ in-situ 
stress conditions
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Radial permeability test, sheared specimen
Menaceur PhD thesis (2014)
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Menaceur PhD thesis (2014)
Failure criterion (temperature), COx
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Concluding remarks
19
• Coupling damage/swelling in shale
• Further investigation of thermal pressurisation needed
• Optimised and reliable drained testing procedures for 
saturated low permeability clays and shales : probably
reducing observed variability to provide THM 
reference parameters
• Thermal volume changes: thermal hardening
• Changes in strength and deformability, thermal 
pressurisation
• THM issues in discontinuities (EDZ): Shear band 
reactivation, self sealing behaviour, fracture 
transmissivity
